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ABSTRACT

PEAPS (Passive Environmental ASW Prediction System) is
a relatively unsophisticated model which accepts input source
and receiver parameters and then predicts sound propagation
characteristics in an ocean environment, the corresponding
transmission loss, anrd the probability of detection. The
program was written for a programmable desk-top calculator
for immediate deployment and operational testing aboard
small ASW platforms. The program is also available in a

form suitable for larger computers.
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CZSTRT

DFL
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The absorption coefficient (dB/yd)
derived from the input source
frequency.

The angle of incidence below which the
bottom loss becomes constant (deter-
mined by the input source frequency
and bottom type).

The intercept used in the bottom loss
equation.

The slope used in the bottom loss
equation.

Surface depth - the first point
entered by the operator (always 0.0).

The depth of the sonic layer (if no
stnic layer exists, then CD2 = CDl).

The depths of the critical points
(those points where the gradient of
the speed of sound changes sign or
bec mes zero) between CD2 and the
hottom.

The bottom depth.

The sound speeds corresponding to the
critical depths CDl to €DS6.

The maximum range of the first conver-
gence zone annulus,

The minimum range %o the first CZ annulus.

The incremented stopping range for the
CZ segment of the program.

'the incremented starting range for the
CZ segment of the program,

The diffractive loss out of the surface
duct; used in the surface duct segment
of the program.
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SYMBOL

DR

DRPERM

DRWRK

DTH

D1 to D15
G
IBB

IBT

ICZ
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IDSC

IFOM

IPLOT
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DEFINITION

The horizontal range increment useg/2
vhile ray tracing = 5[D(i)-D(i-1)]
where D(i) is the SSP depth below,
and D(i-1) that above the ray depth.

Range increment in the TL/PD program
= 2000 yards; used outside the C2Z
annulus.

The working range increment used by

the transmission loss program; = DRPERM
cutside the CZ annulus, = 0.1 the
anrulus width inside the C2 annulus.

The angle increment to be added to
THMIN (input by the operator when
MODE = 2).

The input depths from the BT trace.

The sound speed gradient in the \‘ratex
column segment in which the ray is
being traced.

The bottom-bounce propagation-path
indicator.

The input bottom type indicator (1 to
9) whick is converted to a factor (BT)
used in tne bottom-bounce segment of
the TLOSS program.

The convergence-zone propagation-path
indicator.

The CZ range increment counter.

The deep sound~channel propagation-
path indicator.

The input figure of merit.

The plotting indicator for the ray
trace program used during MODE = 0,

0 = the ray trace is to be plotted.

1 = the ray trace is not to be plotted.

The indicator for reliable acoustic
path,
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1 propagation path.
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|
; IWH The input wave height (in feet).
1 N The number of bottom bounces being

considered by the bottom bounce
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NG The number of critical gradient
sections in the sound speed profile.
NPTS The number of input points from the
BT trace.
MODE The mode indicator for the ray trace
program.
0 = automatic ray trace, compute, and
plot.
1 = autcmatic ray trace, compute no
plot.

2 = operator enters the source emission
angles to be plotted by the ray
trace program, then a Mode 1 com-
putation to determine values needed
for follow-on programs.

R The horizontal range of the ray that
is being traced (in ft) and the TL/PD
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RD The input receiver depth (in feet).

RADINV The inverse of the radius of curvature
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reliable acoustic path (RAP) portion
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RMAX The derived maximum range to be con-
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(dependent on IFOM) .
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The transition range used in the deep-
sound-channel segment of the program.
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SYMBOL
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THPP
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WRKNG

The approximate minimum source
emission angle that will produce a
convergence zone ray. Used as a
starting point in the automatic modes
(MODE = U or 1) to determine CZMIN
by iterative ray tracing.
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jterative ray tracing to determine
THBEB.
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Storage registers used in several
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temporary storage.

The depth of the ray being traced,
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I. INTRODUCTION

A. BACKGROUND

Shore~-based prediction systems rely on complex acoustic
models which require large computers and relatively long
computation times. Their predictions are based on histori-
cal meteorologic and oceanographic data for regions in which
environmental conditions are assumed to be homogeneous.
These systems use a single level of sonar performance as the
basis for all range predictions. The value of such systems
lies in their use as research tools and for pre-deployment
planning: they can be considered to be strategic systems.

With the advent of the programmable desk~top calculatorxr
comes the possibility that a simple acoustic prediction model
can be placed on board anti-submarine warfare (ASW) platforms.
This makes it possible for the ASW platofrm to take advantage
of on-scene bathythermographic (BT) data to obtain current
range predictions based on the output of the platform's own
sensors. In addition, an on-board system enables the ASW
platform to obtain predictions under all electronic emission
control (EMCON) conditions. The programmable desk-top cal-
culators make possible environmental predictions at the

tactical level,

14




B, PEAPS

1. Description

PEAPS (Passive Environmental ASW Prediction System)
was designed for use in any programmable desk-top calculator
or general-purpose computer with sufficient capacity for
the program.

The system is composed of four sub-programs: a
speed of sound profile (SSP) generator, a ray trace generator,
a transmission loss (TL) generator, and a probability of
detection (PD) generator. The SSP and ray trace generators
are combined as an SSP/Ray Trace program; the TL and PD
generators are combined &s a TL/PD program. These sub-
programs are described in detail in subsequent chapters.

2. Assumptions and Constraints

The system was written originally in a machine
language for use on a small capacity, programmable, desk-
top calculator (the Hewlett-Packard Model 9810A with expanded
storage) . The hardware used to develop PEAPS is described in
Appendix A. Total program capacity of the calculator was
2036 program steps with 100 data-storage registers. ‘his
calculator was used because it was relatively inexpensive
and readily accessible; it was reasoned that if a simple
working model qould be designed on a small-capacity,
programmable calculator, more sophisticated models would be
possible on larger programmable calculators.

PEAPS is a relative unsophisticated system which

vses approximation techniques to compute transmission losses
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under the assumptions of a flat-bottomed ocean and phase
incoherent interference. Lateral variations in vertical
temperature profiles are neglected. Speed of sound profiles
are approximated by straight-line segments, with storage
available for fourteen segments (fifteen input points) and
five smoothed gradients. When available to the user deep
ocean historical data may be incorporated into the input,
but such data are neither stored nor generated internally.
The specific assumptions and constraints used in each sub-
program are described in the subsequent chapter which deals
with that sub-program.

General worksheets for PEAPS have been designed to
guide the operator through the sequence of steps required
to generate output (Appendix B).

Operator note sheets also have been written in
outline form to describe the use of the individual sub-programs

of the system and to assist tlie operator when problems and

questions arise (Appendix C).
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II. SPEED OF SOUND PROFILE (SSP) GENERATOR

A, PURPOSE

The speed-of-sound generator produces a plct of sound
speed versus depth for inputs from a bathythermograph (BT)
trace. The data are then searched for critical points which
are stored for subsequent use by the ray trace and transmis-
sion loss (TL) programs. A critical point is a point on the
sound speed profile where the gradient of the sound speed
changes sign or becomes zero. All scund-speed points are

stored for use in the ray trace sub-program.

B. INPUTS

Figure 1 shows the SSP portion of the operator's work-
sheet. The operator manually inserts the BT data from the
worksheet into the calculator programmed for SSP/Ray Trace.
As indicated, the data entered on the worksheet are the
number of BT points to be entered, and the depth (ft),
temperature (°F), and salinity (ppt) of each input point;
if salinity is unknown and historical salinity data are
unobtainable, a value of 35 parts pex thousand (ppt) is
entered. If the kottom depth is greater than that of the
BT trace and historical data are not available, it is recom-
mended that the operator enter the last BT temperature as
+he Loitom temperature. This will produce a profile for
constant temperature from the last BT point to the bottom.

If tables of historical salinities and temperatures-versus-depth

17




PEAPS OPERATOR WCRKSHEET

{(See PEAPS Operator Note Sheets)

BT Information DTG z

Location: N/S ' E/W

1. Turn the calculator and plotter on. "LOAD" the SSP/Ray
trace program cards. Put the plotting paper on the
plotter and set the "GFAPH LIMITS" of the plotter.

2. Press "STOP, END, CONTINUE" (this sequence is used when
a new SSP is to be generated.

Note l: If you enter an erroneous value:

a. If you have not pressed "CONTINUE", press
"CLR X", then enter the correct value.

b. If you have pressed "CONTINUE", you must
re-~enter all the points again; press "GO TO,
LABEL, A", then continue with Step 3 below.

3. Press "CONTINUE".
4, SSP inputs: EMNTER number of BT points (15 maximum)

Press “CONTINUE" after each value is entered to advance
the program

Output
Input Input Input Speed of Sound

Point Depth (ft) Temp (F) Salinity (ppt) (ft/sec)

1 0.0

2

10

' L 2 * [ ] L]

15

FIGURE 1

18
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for the oceanic area of interest are available to the
operator, then use Section G of the Operator Note Sheets
(Appendix G) to merge the historical and on-scene BT data

for improved accuracy.

C. MODEL

The basic physical concepts of sound transmission are
fairly simple, but computation of the sound speed for the
ocean is rather complex because of the varying physical
properties of sea water. The computation of sound speed from
empirical relations based upon laboratory measurements began
in the early 1950's (Del Grasso, 1952; Wilson, 1960).
Attempts to record accurate hydrographic data while elec~
tronically measuring the sound speed were successful in the
early 1960's (Hays, 1961; Mackenzie, 1961). For these latter
experiments, a computed sound speed was obtained based on
three measured parameters: temperature, salinity, and depth.
The results were then compared with the electronically-
recorded sound speeds. These observations resulted in either
slight modification of the coefficients in existing equations
or the development of new polynomial equations (Wilson, 1960;
Leroy, 1968; Frye and Pugh, 1971; Anderson, 1971; Del Grasso,
1972). From the results obtained by these experimenters, the
variation of séund speed versus temperature, salinity, and
depth can be approximately represented as indicated in Table I.

Approximately 99% of all sea water falls within the

temperaturc range ~3°C to +30°C and the salinity range 33 to

19




TABLE I
Var.i-tions of sound speed caused by variations in
temperature, salinity, and depth. A variation of one

parameter signifies that the other parameters are held

constant: temperature at 0°C, zerc depth, salinity at

35.00 ppt.

Temperature (°C)

0 -10
10 - 20
20 - 30

Salinity (ppt)

33 - 35
35 - 37

Depth (meters)

0 - 10,000

20

Sound Speed Change

4.5 (meters/sec)/°C
3.0 (meters/sec)/°C

2.0 (meters/sec)/°C

1.55 (meters/sec)/ppt

1.25 (meters/sec, /ppt

0.017 (meters/sec)/metexr




37 ppt (Montgomery, 1958; Frye and Pugh, 1971). Thus,

thermal gradients are usually much more significant ¢han

salinity gradients in sound speed computations; so that the

temperature-depth relation is a factor which must be

considered in greatest detail in any sound propagation model.
Because the Frye and Pugh equation [1] for sound speed

is dominated by tempcerature terms and requires relatively

few program steps compared with other speed of sound equations,

it was used in the sound speed profile sub-program. The

equation was modified to use the approximation

ASS _ ASS AP - 0.1 ASS

AZ ~ AP A7 AP
for the speed of sound SS in meters/sec, the pressure P in
bars (gage pressure), and the depth 2 in meters. The

resulting equation is

SS = 1449,3 + 1.5848 x 1072z + 1.572 x 10 /22
- 3.46 x 107%62% 4+ 4.5871 - 5.356 x 10777
+2.604 x 107423 + 1.19(5-35) + 9.6 x 107%(s-35)7%
+1.354 % 1079022 ~ 7.19 x 107722
- 1.2 x 107%(5 - 35)7T
where SS = sound speed in meters/sec

Z = depth in meters

T = temperature in °C

S = salinity in ppt (parits per thousand).

21
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The SSP sub-program converts the input data to MKS units
for use in the ahove equation and then converts the
resultant sound speeds to feet/sec for use in subsequent
routines,

The above equation is relatively inaccurate in areas
where salinity exceeds 36.6 ppt: Frye and Pugh claim
accuracy only to 36.6 ppt and are presently working to extend

the domain of their equation.

D. OUTPUT

The calculator prints the input data and the corresponding
sound speeds on tape (Fig. 2), makes a plot of sound speed
versus depth (Fig. 3), and refers the operator to Operatoxr

Note 2 for ray trace preparation (see Appendix C).

22
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PR

ITI. RAY TRACE GENERATOR

A, PURPOSE

A ray trace sub-program included in PEAPS makes the
following tests and decisions:

1. inspect the speed-of-sound profile to determine
vhether the characteristics necessary for corvergence zone
propagation are present or not;

2. 1if CZ conditions exist, determine the maximum and
minimum CZ ranges, where minimum CZ range is defined as the
range from the source to the inner limit of the CZ annulus
and maximum CZ range is defined as the range to the outer
limit of the CZ annulus (Fig. 4), and in any event;

3. determine the minimum bottom bounce angle.

B, MODES

The ray trace sub~program has three modes of operation
designated by 0, 1, and 2.

Mode 0 automatically determines and plots the limiting
rays of the convergence-zonz ray-family and stores the
corresponding ranges.

Mode 1 is the same as Mode 0, but omits the ray trace
plot.

Mode 2 gives a plot of the operator's input ray-~family

followed by a Mode 1 run.
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C. INPUTS

The operator enters the Mode number and source depth
from the ray trace portion of the worksheet. If Mode 2
is selected, he must also enter twice the maximum and
minimum emission angles and twice the desired increment. in

1

emission angle bhetween successive rays~ (Fig. 5).

D. MODEL
The ray trace generator uses Snell's Law in a small
angle approximation,

Snell's Law for rays can be written as

Ar

R(sin62 - sindl)

and

AZ

R(cos8l - cosB2)
where the geometry is suggested in Fig. 6. Elimination of
02 gives the range-depth equation in terms of the initial

angle of depression,

1
AZl = Rcosbl - R[1l - (sin6l + éﬁr-)zﬁ (1)

1See Section B of Note 2 in the Operator Note Sheets
(Appendix C).
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Note 2: Change the plotting paper on the plotter. Enter

the ray trace program MODE indicator.

# = Automatic compute and plot
MODE: 1 = Automatic compute, no plot
2 = Manual inputs for plotting, Automatic

compute. -

If a ray trace input error is made, press "GOTO,
LABEL, B, CONTINUE", then input the MODEL indicator
and ray trace data again. (This sequence is used
to generate a new trace using the o0ld SSP aata)

Press “"CONTINUE"

Ray trace inputs:
Press "CONTINUE" after each input to advance the program.

Source Depth: (ft)

If Mode 2 is used:
Minimum Ray Angle x 2: (degrees)
Angle Increment x 2: (degrees)

Maximum Ray Angle x 2: (degrees)

Note 3: If, while in Mode @ and after the bottom limiting

ray has been drawn, a channelled ray is drawn to
the plot's range limit; see Operator Note sheet
section Note 2E.

Change the plotting paper on the plotter. Press
"STOP, END". ILOAD the TLOSS/PD program cards.
Press "STOP,END". (The "STOP, END" sequence is
used when a TLOSS/PD input error is made, or a new
TLOSS/PD -.lot is to be generated based on the old
SSP/Ray trace data.)

TLOSS/PD inputs:
Press "CONTINUE" after each input to advance the program.

Press "CONTINUE"

Source Frequency: (Hz)

Figure of Merit (FOM): (aB)

System Sigma: (use 106 if unknown)
Wave Height: §# 1 2 34 56 7 8 9 10 11 12 (ft)
Receiver Depth: (£t)

Bottom Type: 1 2 3 456 789

FIGURE 5
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figure 6. Illustration of ray curvature within
a water column,

(r2,22)
62
= r2 - ri
= 22 -~ 21
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Expanding A%l as a MacLaurin series about Ar = 0 gives

AZ2 = tan@l(Ar) + -——~l——-§-(Ar)2 + ZSinel - (or) 3
2R(cos6l) 2R" (cosHl)
1 - 4(sinegl)? 4
+ Ll — et e L L (2)
8R™ (cosH8l)

Substitution of the trigonometric series representations
of tan x and cos x into the first two terms of equation (2)

gives

(1 + 1.581%)
7R

2
823 = o1(1 + &) (ar) + (ar)? . (3)
To conserve program space and reduce the computation
time, PEAPS uses a simplified form of Eq. (3). Use of the

small angle approximations

]
@

sinb
and

6?
1-

cosh ’

where 6 is in radians, yields the simple approximations

)]

AZ

) 2
(01) (ax) + JAE1- (4)
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For Eq. (4) to accurately represent Eq. (3), restrictions
must be imposed on Ar and 6l. In order that omitting 612
introduces no more than 10% error, 61 must be less than
0.33 radiaas. To determine the limits on Ar, examine the
case of "worst possible" conditions:

1 and a minimum sound

1. A maximum gradient of 0.5 sec
speed of 470) ft/sec are assumed so that the minimum radius
of curvature is 9400 ft.

2, The maximum allowable angle of depression of 0.35
radians (20°) is taken.

To ensure that no laver is missed or poorly represented in
the ray trace, five depth increments are required within any

layer of depth D. Then, the first-order term in Eq. (4)

yvields the equation

D

55T = 0.57D (5)

Ar <
as an approximate bound on the allowed Ax within a layer
of depth D.

So that the truncation of Eg. (2) to second order in Arxr
introduces no greater erroxr, the third term of the equation
must be much less than the second,

3 1

€ —————— (Ar)2

sine{
- (Ar) 3

2R? (cosvl) 2R (cos01)

or >
R(cos01l)
singl

Ar <<

éz'GR .
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If Ar is required to be at least one order of magnitude

smaller than 2.6R, then
Ariﬁ 0.26R < 2444 ft.

However, since for small 61 the third term becomes
arbitrarily small, it is also necessary to require that the

fourth term of Eq. (2) be much less than the second,

1+ 4(sinel)2

4 1l 2
(8r)® << ————— (Ax)" ,
8R3(cosel)7 2R(cos6l)

or
2 . 2.% _
Ar << (2R) (cos6l)“[1+4(sinbl)“}1* = 2,1R .

If Ar is to be at least one order of magnitude less

than 2.1R, then
Ar < 0.21R < 2012 ft.

To estimate the exror in calculating A2 from Eq. (4),

subtract Zq. (4) from Eq. (2):

3 wpnt 2
_ 6l 301 2
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The fractional error is given bv:

873 - A7 _ 0.014 + (9.56 x 1075) (Ar)
4z3 0.36 + (1.26 x 10°%) (ar)

Away from a turning point, for large angles where the

difference defined by Eag. (6) is large, the error is

.

approximately 4% for small Ar and approximately 8% for large

Ar. If the error is required to be no greater than 5%, then
Ar must be no greater than about 1000 feet (near a turning
point, AZ3 -~ AZ approaches zero very rapidly, so that erxrors
in depth are negligible for small angles of elevation or
depression) .

Based on these error requirements, the simple equation
%
Axr = 5(D)

was used for Ar and D in feet., For the ranges of D employed
in PEAPS the restrictions on Ar set forth above are not

seriously violated (Table II).

E. OUTPUT

If convergence zone (CZ) conditions are not present,
YNO CZ" appears on the printer. In all cases "SEE NOTE 3"
and "END" appear, indicating the end of the SSP/Ray Trace

programming sequence, and referring the user to Operator

Note 3 (Appendix C).

33
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TABLE II

=

Comparison of PEAPS and thecoretical range increment values

D Ar = min(0.57D,1000) Ar = 5(D}*
50 28.5 35.3
100 57.0 50.0
? 200 : 114.0 70.7
400 228.0 100.0
800 456.0 141.4
1600 912.0 200.0
3200 : 1000.0 282.8
6400 1000.0 400.0
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Graphic outputs depend upon the Mode number chosen.
Figure 7 is an illustration of a Mode # run when CZ conditions
are met., Figure 8 shows a Mode 2 run. These pictorial
outputs may serve as training aids in either a classroom
or a shipboard environment to demonstrate the dependence of
ray paths on the vertical sound speed structure. Mode 1

has no graphic ray trace output.
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IV. TRANSMISSION LOSS GENERATOR

A. PATH SELECTICN

3 Transmission loss is computed for paths which meet

the following criteria:

1. Surface Duct Path (SDP)

a. The sound speed profile (SEP) contains a sonic
layer. A sonic layer is defined as the layer above the ‘
first negative sound-speed gradient (Fig. 9).

b. The source and receiver are both located within
the sonic layer.

c. Sound remains trapped in the sonic layer. This
trapping fails to occur at very low frequencies, vhere the
wavelength has become too large to "fit" in the duct. Using
a sound speed of 5170 ft/sec and a sound speed gradient of
0.017 sec™t in the sonic layer, we have from Urick [2]

H .= 36.64 10067,
for the minimum duct thickness (Hmin) in feet which will
trap sound with wavelength XA in feet. Urick states that
this expression does not represent a sharp cutoff. To
reduce programming steps for the calculator, the Hmin
equation was simplified to

32 207 |
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CD1 ~ ¢(2) C(z)

D2 |-y ———

g

CcD1 \ ~—C{z)

P2 |————)—————-

3
(5]

CD1 = Surface
CD2 = Sonic Layer Depth (SID)

figure 9. Illustrations of Sonic Layer Depths (SID).
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Table III compares the frequencies and corresponding minimum
duct thickness as determined by PEAPS, Urick, and ASRAP III
correction tables.

2. Reliable Acoustic Path (RAP)

RAP conditions always exist except when the source
and receiver are both located in a sonic layer.

3. Bottom Bounce Path (BBP)

Bottom Bounce Path always exists.

4. Convergence Zone Path (CZP)

CZP is computed if an SSP with a sound speed excess
is present (Fig. 4).

5. Deep Sound Channel Path (DSCP)

The Deep Sound Channel Path exists when the source
and receiver are both located in the deep sound channel and

the sound speed profile can support C2 propagation.

B. INPUTS
The operator loads the TL/PD program and enters (from
the TL/PD portion of the worksheet) (Fig. 5) source frequency
{iiz) , Figure of Merit (aB), System Sigma {(8B), wave height
(ft) , and MGS buttom type. Although the figure of merit
and system sigma are used only in the PD generator, they
are entered at this time to simplify operator procednres.
rhe transmission loss sub-~program uses the following
values from the ray trace generator: a CZ indicator, the
maximum and minimum C2 ranges where CZ conditions exist,

the minimum bottom bounce angle, and the depths and speeds

40
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TABLE II1I

T T ey e v " v

Comparison of minimum duct thickness

Frequency

(Hz) (£t)
53 97.5
104 49.7
208 24,9
588 8.8
10890 4.8
3055 1.7

Minimum Duct Thickness - Hpi, (£ft)

PEAPS

789.7
492.7
302.7
146.6
95.9
46 .4

41

Urick ASRAPS III
776.2 750
495.3 475
312.4 300
156.2 150
104.3 100
52.2 50
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of sound at the critical points of the sound speed profile

(sonic layer, deep sound channel axis, etc.).

3 C. TRANSMISSION LOSS MODELS

‘ The program looks at each path selected and determines
transmission losses according to certain simple models.
Names used in this section are those used in the FORTRAN
version of the PEAPS program (Appendix D).

l. Surface Duct Path (SDP)

Figure 10 illustrates SDP,

TLgpp = 2010g(R) + AR + DFL*R for R < RT , R < RS
TLgpp = 1010g(R) + AR + DFL*R + 101og(RT)
for RT < R < RS
TLSDP = 10 log(R) + AR + DFL*R + 10log(RT) + SSL*R
for R> RS , R > RT
TLgp = 2010g(R) + AR + DFL*R + SSL*R for RS < R < RT

where R = the horizontal distance from the scurce o the
receiver in yards
A = the absorption coefficient [3],
2 2

1+F% 4100 +F°

F = frequency in kilohertz (KHz);
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g o _ _
E f DFL = diffractive leakage out of the duct based on
o Normal Mode Theory [4 and 5], given by
. - - - -
- 744r 1+69670.330p2y =3 » 1073 (aB/yd), and
|
! = - - = CS3 - €S2,
i G the below-layer gradient = zre——Fg5 i
1
: CD2 = the sonic layer depth (ft);
! CD3 = the depth below CD2 at which the next positive

gradient begins or the bottom depth (ft);

CS2, CS3 = the sound speeds (ft/sec) which correspond
to CD2 and CD3, respectively

RT = the transition range (the range at which the duct
is considered full and cylindrical spreading begins)
R _ CD2
in yards [2] = 6arccos (SV/CS2)

SV = the speed of sound at the source (ft/sec).

RS = the skip distance (the range between consacutive

surface reflections of the deepest trapped ray)

2arccos (CS1,/CS2)
3 (REDINV) (yd)

in yards [2] =

RADINV = the inverse of the radius of curvature of a
ray within the surface duct = GD/SD.

8D = the depth of the source of sound (ft).
GD = the effective gradient in the sonic layer
_ Cs2 - ¢cs1
CD2 - Cnl
0 830‘71
SSL = sea surface loss = — 7S (aB/yd)
B = F*H

H

wave height (ft).

The expression for SSL was developed from a power regression
analysis of data presented in Reference 6, and is valid for

values of B between 0 and 30,
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2. Reliable Acoustic Path (RAP)

From Fig. 11,

Thpap = 2010g(K) + A*K ,
where K is the slant range from the source below the layer
to the surface at range R, in yards.

The maximum RAP range = RL + RS/2, where RL is the
cutoff range, defined as the horizontal distance from the
source to the point at which & ray just grazes the bottom
of the sonic layer (or surface if no sonic layer exists),
and RS 1is the skip distance (described previously in the
surface duct model).

3. Bottom Bounce Path (BBP)

Four separate bottom-bounce paths are possible between
the source and receiver: two with one surface reflection,
one with two surface reflections, and one with no surface
reflections (Fig. 12). Incoherent superposition of these
rave at the receiver results in a 6 dB reduction in the
transmission loss. For emission angles greater than about
15°, the radius of curvature of a ray is usually large enough
to assume straight~line propagation of the rays from the
source to the bottom and back to the surface. A ray from the
source will strike the bottom at an angle of incidence

estimated by
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. _ -1 ,CD6 - SD
THBL = tan [———35;—-—]
where
- R (CD6 ~ SD) .
XB = § (22D6 - SD) (yas)

is the horizontal distance between the source and the range
of the first bottom bounce, CD6 is the bottom depth (ft),
and N is the number of bottom reflections.

The distance traveled by the four rays which strike

the bottom once can all be approximated by

R
cosZTHBLS (yds)

for reasonably small source and receiver depths or large
range. Therefore, an approximate transmission loss can be

written as

R A*R

* -
SosraBny! * Sestmmmry t N*BL - 6

ThLyy = 20logl

where the subtraction of 6 takes into account the 6 dB gain
caused by multiple bottom bounce paths, and BL is a bottom
loss term which'was determined through regression analysis

of bottom loss data presented in Reference 7. Specific values
for BL are determined by a sorting routine which uses the
input frequency and bottom type. TIBL is the angle at which

the ray strikes the bottomn.
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4, Convergence Zone Path (CZP)

See Fig. 4,

= *
TL,, = 2010g(R) + A*R

when R is outside the CZ annulus and

TLo, = 2010og(R) + A*R - GCZ
when R is bounded by CZSTRT and CZ2STOP. The CZ annulus is
defined as the width of the zone, CZSTOP - CZSTRT, in yards.
GCZ is the reduction in transmission loss caused by the
increase in sound pressure level (SPL) which results from ray
focusing within the ray family forming the CZ annulus.
RP

- RP i np2
GCZ = & exp(-RP°/2GB)

S

Gr 1
NGE 5 %

7
|||

o
[
>

B = —0:36 (472

GCIZMAX
RANGE = R - CZMIN (yds)
¥ = CZ annular width (yds)

4

GCZMAX = 15,4545 - 4.545 * 10 "X (yds)

The equations for GCZ and GCZMAX are empirical and were
derived from analysis of numerous transmission loss curves

obtained as output from the FACT model [5). The analysis

49
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established that the gain distribution within a convergence
zone closely resembled a Rayleigh distribution and that the
gain tended to a maximum at approximately 18% of the annular
width. Thus, GCZ was modelled as a Rayleigh distribution
with the peak occurring at a distance from CZSTRT equal to
18% of the annular width (Fig. 13).

5. Deep Sound Channel Path (DSCP)

See Fig. 14.

TLocop = 10log(R) + A*R + 10log(RTP)

where RTP is the deep sound channel transition range,

_ CZMIN D%
RIP = =%— (g
D = CD3 - CD2 in feet,

CD3 = depth of the sound channel axis (ft),
Z = SD - CD2 (ft),

CZMIN is in yards.

The transmission loss term is valid only for R > RTD,

although it is used for all R when this path is present.

D. COMBINED TRANSMISSION LOSS

Since transmission loss caused by bottom bounce is always
present, the total transmission loss (STL) is initialized
with TLyp after each increment of range. Transmission loss

for subseguent propagation paths mecting their respective

eTmEATSAT TR e T




figure 13, Convergence Zone Gain Model

GC2Z

GCZMAX _ _

y

0.18(CZSTOP -~ CZSTRT)

GCZWAX = 15.5 - (0.00045(CZSTOP - CZSTRT))
GB = 0,36 / GCZMAXZ
RANGE = r - CZSTRT

RP = (RANGE x‘VGB)
(0.18(CZSTOP -~ CZSTRT))
2
_ -RP
GCZ -(gg exptjaﬁg
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existence criteria are computed for the same range and

combined with STL as follows: If & signifies the combining

of decibels (dB) for independent (phase incoherent) signals,

then

STL ® TL(i) = STL - A

where TL(i) is the transmission loss for the specific
propagation path (CZ, SDP, DSC, RAP, as they exist).

OOlJ

A = 10log(l +10 )

J =|STL - TL{i)|.

E. OUTPUT
The program plots the combined transmission loss (STL)
in 4B versus range in nautical miles (NM), with a reference

line for the input figure of merit (Fig. 15).

F. SHORTCOMINGS OF THE MODELS

Since the models were developed for use in a relatively
small programmable desk-top calculator, limitations in the
available storage and the number cf program steps have
resulted in certain shortcomings:

1. Phase coherence is neglected.

2. Sea surface scattering is not taken into account in
calculating TL for the convergence zone model.

3. If the source is in the sonic layer and the duct
thickness is less than H

min’ propagetion in the layer is

neglected,
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4, The use of straight-line propagation will induce
some error in the angles computed for bottom bounce
parameters and in the transmission loss computation.

5. Convergence zones are considered when any sound
speed excess is present.

6. The convergence zone gain term, GCZ, is found from
an empirical formula: . ~re is no physical justification
for the use of the Rayleioh disf:rikution.

7. The model for the deep sound-channel overestimates
transmission loss for ranges less than the (deep sound-
channel) transition range.

8. For reliable acoustic path, steep-gradient curvature
is not considered; transmission loss is computed for straight
line distances between the source and receiver.

9. The absorption loss term uses Thorp's formula for
all frequencies. As shown in Fig. 16, the formula is good
for frequencies greater than 20 Hertz.

10. The diffraction loss term, DFL, is the same term used
in FACT [5]. The following is a quote from Reference 5:

A preliminary analysis of this model (T.abianca, 1972)

has shown that the leakage term does not correspond to

the mechanism which dominates duct leakage and, in
particular, has the wrong dependence on the below-layer

(thermocline) gradient. An intensive investigation of

all available surface duct models has been completed

recently by NUC (Naval Undersea Center) for LRAPP (Long

Range Acoustic Propagation Project) (Morris, 1974). This

study compared several models with =zach other and the

SUDS (Surface Duct Sonar) transmission loss data

(Cummins, 1972). Since none of the candidate models

emerged as clearly superior, AESD (Acoustic Environmental

Support Detachment) is currently studying possible
modifications to the surface-duct equations. [5]
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Measured data taken from the North Atlentic (Thorg and
Bernier, 1959 and 1962; Sussman, Macfonald, and Kanahis,
1863), Hediterranean (i.allement and Waterman, 1963; lerey,
1964), and Northern Pacific (Greer and Polam, 1954;

Sheehy and Halley, 1957) [3].
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11. Convergence zone parameters are determined a2t the

surface. FErrors exist when source and/or receiver are at
appreciable depths.

12. When C2Z conditions are not present, the model
assumes there is no deep sound channel.

13, Leakage of sound into a shadow zone is not con-
sidered, XIf thereare no CZ conditions, then the only
illumination of the shadow zone comes from bottom bounce.
If CZ conditions exist the shadow zone is illuminated by
a path having spherical spreading in addition to the bottom

bounce illumination.
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V. PROBABILITY OF DETECTION (PD) GENERATOR

1 A, INPUTS

The sub-program for probability of detection contains
values from the cumulative distribution function (CDF) for
a standardized normal random variable, CDF = F(x). Values
of x corresponding to F(x) = 0.5, 0.55, ..., 0.95 are stored.

The figure of merit (FOM) and system sigma are entered

L E i s d ol
:

by the operator as part of the transmission loss initializa-

by

tion procedure. System sigma is defined as the square root

of the sum of the variances of the individual terms in the

L w‘-‘%‘ e

. passive sonar equation:

o

: . (el 2 2 2 2
8 System sigma = (0g; + Og, + Opp + Oy + Oy )

where o is the deviation.
Rule-of-thumb values for system sigma are included in

. Operator Note 3 (Appendix C) for those cases in which variances

of the individual term are unknown.,

B. MODEL

The detection variable X is defined as the ratio of the

signal excess,

;i SE £ FOM - TL ,

é to the system sigma:

SE
System Sigma °

m

X
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The computed X is compared to the stored values of x

to determine probability of detection at which PD = F(X).

C. OuUTPUT

The program plots a probability of detection (PD) versus
{ range directly below the TL versus range plot (Fig. 15).
The PD routine computes PD in increments of 0,05 so that a

smooth curve does not result.

g N'Im m“ i Ei ke
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"
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VI. CONCLUDING REMARKS

Advanced development of an on-board environmental
prediction system resulted in the Integrated Command ASW
Prediction System (ICAPS) computer program. ICAPS uses the
FACT transmission loss program so that it requires computer
resources comparable to those available on aircraft carriers.
This development effort is continuing with emphasis upcn the
development of a smaller version of FACT. A viable alternative
would be an augmented vexsion of PEAPS.

Fleet introduction of an environmental prediction system
need not bhe delayed until a foolproof system is available.
With PEAPS available, even in its present limited form,
operational evaluation of an interim system with some known
shortcomings is entirely feasible. A continuing dialogue,
carried on between the developmental agency and the operating
forces, would facilitate implementation of system improvements
based upon fleet experience.

The operating forces have never had a tactical environ-
mental prediction capability available at the individual
platform level. PEAPS provides an inexpensive way to ecvaluvate

the operational utility of such a system.
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i APPENDIX A

PEAPS HARDWARE DESCRIPTION

32 For this program the Hewlett-~Packard Model 9810A

Option 00l1: Total of 111 data-~storage registers;

Option 003: Total of 2036 program steps;
Option 004: Printer.

Read~only-memory units (ROM's) required are:
Mathematics ROM - hp -~ 11210a
Printer Alpha ROM - hp - 11211A
Plotter ROM - hp - 11215A,

The Hewlett-Packard Model 9862A Plotter is required

produce the graphical output.
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APPENDIX B

The following pages are samples of the Operator Worksheet

developed for use with the PEAPS program.
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PEAPS OPERATOR WORKSHEET

(See PEAPS Operator Note Sheets)

BT Information ) - DTG: 2
Location: N/S ’ E/W

1. Turn the calculator and plotter on. "LOAD" the SSP/Ray h

2'

trace program cards. Put the plotting paper on the
plotter and set the "GRaAPH LIMITS" of the plottier.

Press "STOP, END, CONTINUE" (this sequence is used when
2 new SSP iIs to be generated.

Note 1: If you enter an erroneous value:
a

. If you have not pressed "CONTINUE", press
"CLR X", then enter tne correct value.

b. If you have pressed "CONTINUE", vou must
re-enter all the points agein; press "GO 7O,
LABEL, A", then continue with Step 3 below.

Press “"CONTINUE",.

£87 irnputs: ENTER number of BT points (15 mexninmum) L
Bress "CONTINUE! after ecach value is entered tc advarnce
the program Outout

input Input Input Speed oi Sourd

Point Depth (ft) Temp (°F) Salinity (ppt) (£&/sec)

0.0
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Note 2: Change the plotting paper on the plotter. Enter
the ray trace program MODE indicator.

g = Automatic compute and plot
MODE: 1l = Automatic compute, no plot
2 = Manual inputs for plotting, Automatic

compute.

If a ray trace input error is made, press "GOTO,
LABEL, B, CONTINUE", then input the MODEL indicator
and ray trace data again. (This seguence is used
to generate a new trace using the old SSP data)

Press "CONTINUE"

4., Ray trace inputs:
Press "CONTINUE" after each input to advance the program.

Source Depth: (£t)

If Mode 2 is used:

Minimum Ray Angle x 2: (degrees)

Angle Increment x 2: (degrees)
Maximum Ray Angle x 2: (degrees)
Note 3: £, while in Mode § and after the bottom limiting

ray has: bec. drawn, a channeiled ray is drawn to
the plot's range limit; sce Operator Note sheet
section Note 2E,.

Change the plottin. .pexr on the plotter. Press
"STOP, END". LOAD tne TLOSS/PD program cards.
Press "STOP,END". (The "STOP, END" sequence is
used wnen a TLOSS/PD input error is made, Or a new
TLOSS/PD plot is to be generated based on the old
SSP/Ray trace data.)

5. TLOSS/PD inputs:
Press "CONTINUE" after each input to advance the program.

Press "CONTINUEY

Source Frequency: (HzZ)
Figure of Merit (FOM): __  (dB)
Systcem Sigma: (use 10 if unknown)
Wave Hedght: #1234 56 78 9 10 L1 22 (ft)
. Receiver Depth: (£t)

Bottom Type: 1 2 3 456 789

N




2 Ncte 4: If a new ray trace is to be generated using the
; old SVP data after the TLOSS/PD program has been
run, Press "STOP, END". LOAD the SVP/Ray trace

program cards.

Press "GOTO, LABEL, B, CONTINUE", then see Note 2
above.




T

TP T

—— R ek e 2 R R P I 1y W I T YT —

APPENDIX C

PEAPS OPERATOR MOTE SHEETS FOR THE HP9810A

SSP/RAY TRACE PROGRAM

The SSP/PAY Trace program is recorded on two short
magnetic cards, each card having two sides. The program
is inserted into the calculator as follows (it is assumed
the calculator is turned on and paper has been placed on
the plotter).

1. Press: END, LOAD.

2. Insert the cards starting with side 1 sequentially
through side 4.

3. Press: END, CORTINUE.
After the SSP axes have been drawn the printer will iﬁdicate
"SEE NOTE 1", referring the operator ot Note 1.

Note 1

A. The sound speed profile (SSP) generator will accept
up to fifteen (15) points. These points are entered from
the PEAPS Computer Operation Workshect starting with the
first point being the surface (depth = 0) temperature and
salinity. The data are cntered as follows.

1, Press: CONTINUE '
The.printer will request "NO. PTS", Enter the

number of BT points to be entexred as indicated con the

orksheet.
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2, Press: CONTINUE,.

The printer will request DEPTH. Enter the depth
in feet of the point for which data are being entered (enterx
0 for poin%: 1}.

3. Press: CONTINUE,

The printer will print the depth enteresd and
request TEMP. Enter the temperature in °F for the point
of interest.

4, Press: CONTINUE.

The printer will print the temperature entzred
and request SALIN., Enter the salinity in parts per thousand
- 3 for the point of interest.

5. Press: CONTINUE,

The printer will indicate the salinity entered
and the speed of sound in feet per second corresponding to
the depth, temperature, and salinity values immediately
preceding the scund speed value. The plotter will plot the
speed of sound indicated on the printer at the corresponding
depth. If the data entered are from a point less than the
total number of points to be entered, the printer will indi-
cate DEPTH. Inter the depth of -_he next point of interest
and ccntinue from step 3 above. If the date entered is for
the last point; the program will discontinue plotting and
the printer will indicate "SEE NOTE 2". This refers to

Operator Note 2 below,

B. If the BT trace does not reach the bottom:
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l. Use at least two points from historical data
and enter these as the last two points. The more points
entered, the more accurate the plot if the bottom is con-~
siderably deeper than the BT trace depth. See Section G
below for merging data.

2. If historical data are not available, enter the
last BT temperature as the bottom temperature, the bottom
depth as measured or approximated, and 35 ppt as salinity.

C. If salinity values are not available from wmeasurements
or historical data, enter 35 ppt.

D. If you enter an erronecus value:

1. If you have not pressed CONTINUE, press "CLR X",
then enter the correct value.

2, 1If you have pressed CONTINUE, you must reenter
all the points again; press "GC T0, LABEL, A", then continue
from step 2 in Section A above.

E. If you have finished with one sound speed profile
and want tc enter a new one, press "END", then go to step 1
in Section A above.

F. DPressing "CONTINUGE" after each input advances the
program and enters the input point into storage.

G. If the in-situ and historical data do not match
closely together, merging becomes necessary. Therxe is no
single correct method for merging historical and in-situ
data. Suggested procedures arc to fare (draw a smooth curve)

the two profiles together, to extrapolate the in-situ trace
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down to the historical data, or to extend the profiles in
the area of interest until they meet., Fig. 1l7a shows a plot
of in-situ SSP and historical data on the same axis. It is
suggested that this be done for all SSP plots if historical
data are available., A trace of the historical data need
not start at the surface. A depth 500 feet above the last
BT depth should suffice. Figures 17b and l7c show examples
of extending the two traces to achieve a merge. In any
event, a smooth blending of the traces should be attempted.
In some instances it may be necessary to try more than one
technique in order to achieve a reasocnably correct facsimile
of the sound speed structure.

Note 2

This Note deals with procedures for the ray trace
generator.

A. cChange the plotting paper. '

B. Enter the ray trace program Mode indicator (U, 1,
or 2).

Mode 0 gives an automatic search for and plotting
of convergence zone critical rays. The minimum source
emission angle that will produce a bottom bounce, and the
minimum (inside) and maximum (outside) convergence zone
annulus ranges (if CZ is present) are stored.

Mode 1 gives the same computation as Mode 0 except

that the ray traces are not plctied.
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Mode 2: the operator enters twice the minimum and
maximum emission angles to be traced from the source along
with twice the incremental angle between. Doubling the
desired angles and angle increment is necessary since the
program internally halves all input angles prior to conver-
sion to radians and storing. When the manual input plotting
is completed, the program changes to Mode 1 to determine
the critical parameters to be used by follow-on programs.

C. Program Mode 0 is intended to be the primary Mode
for fleet use. Mode 1 is intended for use when a ray trace
is not desired. Mode 2 is intended to be used for ray trace
plots of specific source emission angles as well as for
determination of critical parameters for follow-on programs -
it is foreseen as a training aid.

D. If you have made an incorrect input and entered it
with the CONTINUE, press: GO 10, LABEL, B, CONTINUE,
Re~enter the ray trace input parameters starting with the
Mode indicator,

E. 1t is possible, under certain sound velocity profile
conditions, for the ray trace program in the automatic modes
to trace a ducted ray to the end of the plot while searching
for the convergence zone critical ranges. If this situation
should occur you must check the stored convergence zone

ranges as follows:

l, Press: X«(), 008, 4, 2000, =.




This calls out the minimum convergence zone
range and converts it from yards to nautical miles.

2. Compare the value in the ¥Y~-register with the
minimum convergence zone rande indicated on the ray trace
plot. If they differ considerably,

a. Enter the minimum convergence zone range
from the ray trace plot;
b. Press: +, 2000, x (multiply), Y-+( ), 008.
This converts the ray trace plot minimum
Cz range from nautical miles to yards and stores it in the
appropriate storage register.

3. Press X«( ), 009, 4, 2000, =.

This calls out the maximum CZ range and converts
it to nautical miles,

4, Compare the value in the Y-register with the
maximum CZ range off the ray trace plot. If they differ
considerably:;

a. Enter the maximum CZ range from the ray
trace plot.
b. Press: 4, 2000, X (multiply), ¥»( ), 009.
This converts the ray trace plot maximum
CZ range from nautical miles to yards and stores it in the
appropriate storage register.

5. Proceed with the transmission loss/probability

of detection program.




oy

F. If you want to do another ray trace and plot using
the same sound speed profile but different input parameters:

1, Press: GO TO, LABEL, B, CONTINUE.

s

2. Enter the new ray trace inputs starting with the

Mode indicator.

kL

G. "SEE NOTE 3" and "END" will be printed on the output

5 ' tape and the calculator's X, Y, and 2 registers will illuminate

when the ray trace portion of the program is completed.
H. "NO CzZ", "SEE NOTE 3", and "END" will be printed on
j the output tape to indicate that the program has ended and
i there is no convergence zone present.
e | I. If "NO Cz", "SEE NOTE 3", and "END" is printed out
and you would like a ray trace plot, you will have to use
Mode 2 and manual emission angle parameters to get a plot
(see E above). At the end of the Mode 2 plots "NO C2",
"SEE NOTE 3", and “END" will be printed on the output tape.
J. If another sound velocity profile is to be entered
for subsequent ray trace plots, press: END, CONTINUE, to

start the entire sequence again.
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TRANSMISSION LOSS/PROBABILITY OF DETECTION PROGRAM

Note 3

A. Change the plotting paper.

B. The TL/PD magnetic cards are loaded in the same
manner as the SSP/Ray Trace cards.

C. Press: STOP, END to initialize the program function.
This sequence is used when a TLOSS/PD entering error is made,
or a new TLOSS/PD plot is to be generated based on the same
SSP/Ray Trace generated data.

D. Source frequency is to be entered in Hertz (Hz).

E. Figure of Merit: ensure that you use all the same
units of reference (pPa, or pb). DO NOT add 100 to the
computed FOM.

F. System Sigma

If the variances of the sonar equation terms are
known, enter the square root of the sum of the variances.

If the variances are unknown, choose one of the following:

1. Use 6 éB if ambient noise measurements have been
made, and submarine speed and type are known.

2. Use 8 dB if ambient noise is estimated from a
forecast, submarine speed is known to within 3 kts, and
submarine type is known.

3. Use 10 4B if ambient noise is estimated from

forecasts and submarine speed and type are uncertain.
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G. Wave Height (IWH)

4 Sea State Term Height of Wave (ft)
1 1 Calm 0 to 1
: 2 Wavelets l to 2
{ 3 Slight 2 to 4
4 Moderate 4 to 8
5 Rough 8 to 13
6 Very rough 13 to 20
7 High 20 to 30
8 Very high 30 to 45
9 Phenomenal over 45

H. A bottom type indicator (MGS) of 1 indicates little
sound loss; a bottom type indicator of 9 indicates a large
sound loss.

I. If new TLOSS/PD data is to be entered to make
additional plots from the same ray trace data, press STOP,
END, Change the plotting paper, then press CONTINUE. Then
enter the new data,

J. 1f a new ray trace is to be generated from the 0ld
SSP information after the transmission loss/probability of
detection program has been run: press: STOP, END, LOAD.
Load the SSP/Ray Trace program using the magnetic cards,
change the plotting paper, press: GO TO, LABEL, B, CONTINUE,

then follow the instructions in Note 2.
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APPENDIX D

Flow charts, program listings, and output from the

HP9810A and IBM 360 are included within this Appendix.
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Speed of Sound Profile / Ray Trace Prograi
flow charts and sample outputs
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Speed of
Sound

Profile
Axes

(1
LABEL A
See Note 1

Input the #
of SSP pts.

::izil '
Input Depth
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Input (
Temperature
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Input (°/00)
Salinity
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Speed of Sound Profile / Ray
Trace Program

)

(2)
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(4) sSSP critical points
selection program

Test =
Run =
NG =

—D

Sy = Sx
Sx = the
next S

Run =
Run + 1

all points
een tested

A T e T T R

|

Test = #
store Sy
NG = NG + 1
increment
storage

No

set the

Yes

P S

Yes
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store Sy
increment
storage

NG = NG + 1
set the FLAG

< |
\

store Sx
set the FLAG

es

No

store Sy

increment
storage

NG = NG + 1

I,




(4) SSP critical points selection program

Rl

i store Sy

3 clear Sy = Sx )

] the FLAG increment

3 Sx = the storage

; ext S NG = NG + 1
5 Yes {

store D1 and S3i
No in CD1 and CSi

store the last

D and S in CD6
store Sy and CS6
increment
storage
NG = NG + 1 ]

LABEL B

%_Z/ see note 2

i it
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Input min
source angie

l
/

Input angle

increment

Input max
source angle

L1

Speed of Sound Profile / Ray Trace
Program

\/

Sutput
"NO C2"

1\l

Draw Ray
Trace axes
(Modes 0&2)

CZ rays
possible
2

Yes

=
N
N
N\
Compute N
——Q SV, THPP,
1 L
N THP?
\\
N (7)
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(6) Convergence Zone Test

is
cS6 > CS2

No CZ

Compute
sv, THP,
THPP

\/

M
Compute
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THIP
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(7) Computation of SV, THP, THPP

\/

m=20

m = mtl

<::¥_________

No
Yes

\/

SV ,= (Sh-Dm-1)X
(§_m-Sm~1
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Speed of Sound Profile / Ray Trace
Program

THMIN= THPP
set plotting
indizator

THMIN=THMIN=-,1

<:j clear plotting
indicator

_______[:>} —--—{:> set FLAG
1

THEB=THMIN

indicator
CZmax=R

ST O YR SORE- L. PP

Draw the ray
that just
grazes the
bottom

(9)

E% 2HIN =
E THP' Sei
: hlotting
3 indica-
4 tor

; THIMIN=THIIN+, 5°

1 “set piotting

indicator
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(8) Ray Trace Program

A

TH

o

Ei el

Yes

Clear
Plotting
Indicator

Yes

V

A Surface Re-
flected Ray,
Return to Call

G =
S(m) - S(m-1)

Point

D({nm) - D(m-1)

!

RADINV =

-G(1 - (THES/2))

+ S(m-1)

G(Z - D(m~1))

DR =

5y (m)-D(m-1)

A Bottom Reflected
Ray, Retura to
Call Point
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3 (8) Ray Trace Program

RDR =
RADINV x
DR

1

1 R =
y R+DR

72 =
z+B.g.Ez+THDR

Ko A Channeled
- Ray, Return
to Call Point

is
Plotting
Indicator

Clear Tes

Trace the
Ray
Segment
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Speed of Sound Profile / Ray Trace
Program

po

THMIN=THMIN+,1°
clear plotting

. indicator
Trace the r_.___-.[>

CZmax =
R

CZHIN = R R
THMIN=THMIN+, 5°

set plotting
indicator
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Speed of Sound Profile / Ray Trace

Program

THAIN=THMIN-,4°

cleaxr plotting
indicator

<

Y
Trace the
Ray

>

CZMIN = R
THMIN=THMIN+,1°

-~

HMIN=THNIN-,1°

set plotting
indicator

Trace the
minimum C2
range ray




Speed of Sound Profile/
Ray Trace Program

set IBB

convert CZMIN
and CZiMAX fron
feet to yards

set the
plotting
indicator

Ray
(FODE 2)

Trace the

v

See Note 3

THMIN =

THMIN -+ DTH

(13)

No“aaaiiii=ﬁ=a"
Yes

set
MODE=1

8
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Transmission Loss / Probability of Detection Program
flow charts and sample outputs
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Ok B il il e v

TLOSS / PDET Program

Initilize

the needed
program
parameters

Input Source
Prequency(Hz)

Tnput FON(dB)

A

Input System
Sigma

L

Input VWave
Height (£ft)

1

Input (in £t)
Receiver Dptl

A

Input Bottom

Type (1t09)

(1k)

1

116

i

Compute RMAX
of the plot
based on FOM

!

Draw the
PL0OSS/PDET
axes

(15)




Lt e it it i L

(15) RMAX Determination

b = I'OM

80 > FOM

is

?

b = 100

b

on.
o~

PR
int _20,000]

]

RIMAX = (b+1) x

20,000

:
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set IRAP

make RL2
< '..__._._ (18)
1 VNO )
Clear - \
ISD
set ISD
0 make RS, RT,
‘ . SSL, DFL,
Tes clea;r IRAP (17)
No
=t CZSTRT=CZMIN
™ czsrop=caiiax
3 IRAP set
3 clear Yes
Yes ISD
‘,:NO is
. b t—— ISD set
clear Yes
IDSC v
P set IDSC
"~ make RPT -




(17) computation of R3, RT, SSL, DFL

* RS = |

’ arccos (gg %_ )x

g (zes(1) / 3) x
(cD(2) - ¢cD(1

cD(2) i
6 arccos %-(2)

|

S3Y%, =

8l xsp) -7t
5| 1000




=

(18) Computation of RL2

E
E RL2 =

¢s2(cD3-CD2)
€S2-CS3

is

SD > CD2
No ° Yes

Y

\

RL2 = RL2 =
RL2(RD-CD2) RI2(SD-CD2)
L".S 405
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(19) Computation of RPT

Yes

No

? RPT = CZ.aN x
¢Dm-~CD2
SD-CD2

122




TLOSS / PDET Program

Determine the
Bottom Losg
factor BT

(20)

Determine the
Bottom Loss
factors Bf,
B1, BLMA

i (21)

Compute
A

(22)

store the
Normal (0,1)

CDF points
R =R +
| DRWRK
Y
Preset IC7RC, -
R, DRYWRL, DRPERM
Compute THBB,
THBIL,
(23)
123




(20) Bottom Loss Factor BT Determination

124

— Sy e————




BLMA =
300

Rkl il

(21) Determination of
Bottom Loss Factors
BLMA, Bg, B1

_[>

B1=.35 D
BF=17,12




rvg——-—u— TR, T e R R R o S A

(22) Ccomputation of Absorption Coefficient (A)

R TRy TR T

" 2 2
.1(SF/1000) LO(SE/1000)
A = 1000 + dB/vd
, 14+(SF/1000)< 4100+(SF/1000)2 ¥
f
i
3
3
3
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b G Ll e

]

-

v "'T ——_—

S TR MRy o
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(23) Preset ICZRC, N, DR®RK, DRPERM
Compute THBB, THBL

ICZRC = 1
N=1

DRWRK = 2000
DRPERM = 2000

is
ICZ set

No
is
CS6 > sv
Yes S S
< "’
v T
THBB =
THP THP =
, [: arccos(SV/CS6)
R=0
A
THBL =
n/2




J TLOSS / PDET Progran

STL = the
Bottom Bounce
Path TLOSS at
range kK

Conpute the
Surface Duct
Pzth TLCSS at
range R and ¢
to STL

Compute the
Convergence
Zone Path TLOSS
at range R- and
@ to STL

{No

Conmpaute the
Reliable
Acoustic 'Path
TLOSS at range
P and 0 to STL

1

(26)

Compute the
Deep Sound
Channel Path
TLOSS at range
R-a2nd & t¢ STL

~J

] (28)

iﬂ
Plot STL
vs range

(29)




R=R4+
DRVRK

THBL = arctan
(R( CD6-SD)/3 )

N{2CD4-SD)/3

THBLA =
sl x (180)
14

BLMA<THBILA

Yes

N

BL = BT x ¥ x
({B1xTHBLA) +
BY)

4

STL = 20 x 1og
(®/cos(THBL)) +

A(R/cos(THBL))
+ BL - 6,0

1




TL =
R(A + DFL)

No

Yes

]

TL

2
o
+

201og(R)

Y

(25) Surface Duct Path TLOSS at Range R

\/

L = TL +
10log(R) +
101log(RT)

L = TL +
(B z SSL)

N>

Y
Call
STL =
STL ¢ TL
Subprogran

{see 25a)

|




(25a) STL = STL & TL Subprogramn

AD = 10 x

1og(1+10F)

is
STL < 7L

i////
No

Yes

TL=STL

STL =

TL - AD

|

Return to
Call Point




|

RAPTES =

‘VRLZ +
(R§/2)

Clear
IRAP

Preceed to
CZ Indicator

Test

(26) Reliable Acoustic Path TL0OSS at Range R

TL =
log(VSDz-m2 )+

A(VspP4R? )

20 x

L = 20 x
log(VﬁD )+
A(VRD%4Rr? )

132

Call.
STL =

STL & 7L
prro r?m
(See




g PR T

(27) Convergence Zone Path TLOSS at Range R

| v
TL = GCZMAX =

-20 log(R) + 15,5 « (.00045‘
x (CZSTOP -
(A x R) CZSTRT) )

Y

RANGE =
R - CZSTRT
DRWRK = RP =
RANGE x VGB
C7STOP-CZSHRT
{c2 o = 0.18(CZ3T0P
- CZSTRT)

$

GCZ =

> 2
RP| exp [=BE
GR 2GB

=CZSTRT
ICZRC=2

IR




(27)

TL

L « GCZ

\

ICZRC =
ICZRC+1

o

il

\

[

STL =

Call

STL @ TL

Subprogran
(see 25a)

Convergence Zone Path TLOSS at Range R

DRWRK

DRPERM

Y

CZSTRT =

CZSIRT +
CZIMIN

\

CZSTOP -

CZSTOP +
CZMAX i

O

A

T |
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(28) Deep Sound Channel TLOSS at Range R

TL =
10 x log(R)

[
IL = TL +

10 x log(RET)

£

I

TL +

(A xR)

l

J Call
STL =
STL & TL

Subprogram
(see 252)

|
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TLOSS / PDET Program

Determine the

Detection at
range R

Probability of

¥
Pilot the

Probability
of Detection
Vs range

(30)




(30) Determination of Probability of Detection

|

= 0.5
SE = FOM-STL

x = |SE
SYS SIGMA

No

D °D~ 05

81 = b

Yes

137
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PEAPS HP 9810A
Transmission Loss/Probability of Detection

Program Listing
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3 APPENDIX E

PEAPS STORAGE LOCATIONS IN THE HP9810A CALCULATOR

ol n

3 A. The operator enters all angles in degrees. The zero

i degrees direction for all angles is horizontal to the right.
3 Clockwise angles (down) from the horizontal are to be entered
as positive (+) angles. Counter-clockwise angles (up) from

the horizontal are to be entered as negative (-) angles.

B. 211l angles are stored and used in radians. Entered angles

are automatically ccnverted from degrees to radians for

storage by the program:

= * i
degrees T80 radians

radians = —— * degrees

C. Enter all temperatures in degrees fahrenheit (°F).

Temperatures are automatically converted to degrees

centigrade (°C) for use in the SSP program:

°C (°F - 32)

wju

]

op 32 + (% x °oC)
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D. Enter depths in feet (ft). Depths are stored in feet

and are converted to the required units as needed in the

programs:

W [ TR —" Y

neters = 00,3048 * feet

e

feet = meters/0.3048

i)

yards = feet/3.0

nautical miles (NM) = yards/2000 = meters/1852.

A AT e

E. Ranges are in feet in the ray trace progrem and are
automatically converted to units of yards for use in the

transmission loss/probability of detection program.

F. The following pages of program forms indicate the
parameter stcrage locations used in the PEAPS model. The

terms listed are defined in the Takle of Symbols and

throughout the body of the text.
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